Results-Up to 6-fold differences were observed in stroke mortality. Mortality declined in 8 of 14 populations in men and in 10 of 14 populations in women. An increase in mortality was observed in Eastern Europe. In the populations with a declining trend, about two thirds of the change could be attributed to a decline in case fatality. In populations with increasing mortality, the rise was explained by an increase in case fatality. Conclusions-In most populations, changes in stroke mortality, whether declining or increasing, were principally attributable to changes in case fatality rather than changes in event rates. Whether this was due to changes in the management of stroke or changes in disease severity cannot be established on the basis of these results. (Stroke. 2003; 34:qqq-qqq.)
L
arge decreases in mortality from stroke have occurred in most industrialized countries during recent decades. [1] [2] [3] Although in some cases a decline in stroke incidence seems to explain most of the decline observed in stroke mortality, 4, 5 in other populations, the incidence did not decrease at all or decreased much less than mortality did. 6 -9 Thus, changes in stroke mortality seem not to be explained by changes in incidence alone.
Changes in mortality may depend on changes in case fatality, in turn resulting from changes in the natural history in treatment or in the case ascertainment of the disease. The World Health Organization Monitoring Trends and Determinants in Cardiovascular Disease (WHO MONICA Project) was launched at the beginning of the 1980s to "relate the trends in incidence and mortality of stroke to secular trends in populations' risk factor levels." 10 All suspected stroke events were registered in several populations and classified through the use of a common protocol and strictly standardized See Editorial Comment, page XXX methods and criteria. Thus, MONICA data are not so affected by the data quality problems inherent with routine mortality statistics such as changes in coding practices. In this report, MONICA stroke data were used to study whether any changes in mortality from stroke observed during the study period within each population reflected changes in the event rates of stroke or changes in case fatality.
Materials and Methods
The methods of case ascertainment have been published previously. 10 -13 Briefly, hospitalized cases were identified either from hospital admissions (hot pursuit) or discharge diagnoses (cold pursuit). To identify all nonfatal events, records from outpatient clinics were scrutinized, and general practitioners and other medical services were contacted. All death certificates with a diagnosis of stroke or other diagnoses involving symptoms also caused by stroke were included in the register, and the diagnoses were checked for validity. Quality assurance of the data has been the key element in the WHO MONICA Project. 14 Quality assessment reports have been produced periodically, and the MONICA Data Centre also checked the consistency of the demographic data 15 and routine mortality statistics submitted by the local population register team. The core data collection included information on the date of onset of the event, duration of symptoms, date of discharge or death, presence of a previous stroke, clinical diagnoses given by the treating physician, diagnostic examinations performed, classification of stroke (definite stroke, no stroke, or unclassifiable event), and classification of the type of stroke given by the register physician.
A total of 14 populations from 9 countries in Europe and Asia collected stroke data in the WHO MONICA Project for periods varying between 7 and 13 years (Table 1) . Information was collected in the permanent resident population of the study area in 25-to 64-year age group. Because in many populations there were few or no cases in the 25-to 34-year age group, especially among women, only the 35-to 64-year age group was included in the present analyses. In contrast with previous publications, 9, 16 populations from the former East Germany were excluded because they did not have enough study registration years for assessment of trends. 14 One of the populations was excluded from the present analyses because of severe problems with data quality. 14, 17 
Definitions
The WHO definition of stroke 11, 18 was used throughout the study. Acute events were classified as definite strokes, unclassifiable events, and no stroke. Stroke subtypes (subarachnoid hemorrhages [SAHs] , intracerebral hemorrhages, and ischemic strokes) were considered together. Both definite strokes and unclassifiable events were included in the analyses. Unclassifiable events (Table 1) were "all cases having insufficient supporting evidence of stroke but whom the diagnosis of stroke cannot be entirely excluded." 11 These were mostly fatal cases.
One event was specified by the time frame of 28 days from the onset of the event. Consequently, recurrent events were defined as new events when the onset was Ͼ27 days from the onset of the previous event. A fatal event was defined as death occurring within 28 days from the onset of symptoms. If the patient was still alive on the 28th day, the event was considered nonfatal. All rates and proportions were standardized by methods described later.
Quality Assurance of the Data
Several indicators of data quality were monitored. 14, 17 Altogether, 18 separate items were assessed for the trend quality scores. 17 Among the most important were (1) differences in trends in event rates, case fatality, and mortality, including and excluding unclassifiable data; (2) the ratio of the number of fatal events in the register to the number of stroke deaths in the routine mortality statistics; (3) the proportion of and trends in several coverage items, including the proportion of nonhospitalized events, and the proportion of registered suspected strokes subsequently classified as nonstrokes; (4) the proportion of and trends in diagnostic examinations or necropsy performed to classify the stroke; and (5) the overall quality of the data.
For good coverage of fatal events, we assumed that the ratio between the number of fatal events in the register and stroke deaths in the routine mortality statistics should be at least 1.0. A ratio Ͻ0.9 was highly indicative of low coverage of fatal cases, and the registers with such ratios were required to make an extra effort to find the missing fatal strokes. The proportion of unclassifiable fatal events and the final data quality scores, which could vary between 0 and 2.0, for each population are presented in Table 1 .
The quality of the demographic data was assessed separately. 15 The primary analyses were done using all events and all populations with equal weighting. The main analyses were then rerun (1) for incident events, ie, first-ever strokes only; (2) excluding subarachnoid hemorrhage (SAH); (3) excluding unclassifiable events from the analyses; (4) excluding first and last years of registration to eliminate any startup or rundown effects; and (5) comparing linear trends between the first and second halves of registration period to test the assumption of linearity separately for each population. Finally, analyses were rerun, excluding the populations with trend score weights or demographic quality scores Ͻ1.0. 
Statistical Analysis
Event rates for the 35-to 64-year age group were standardized directly by 5-year groups to the World Standard Population. 19 Confidence intervals (CIs) of the event rates were calculated assuming Poisson distribution for the age-specific rates and using the relation between Poisson and 2 distributions. 20 We calculated trends from the age-standardized annual rates (r t ) using following model 21 : log r t ϭaϩbtϩe t , in which log denotes the natural logarithm, t is the year, and e t is the error term with allowance for extra-Poisson variation. 22, 23 For small changes, 100b represent the estimated annual percentage change in rate. 21 Case fatality was standardized to the distribution of MONICA events (assigning to the 35-to 44-, 45-to 54-, and 55-to 64-year age groups the following weights: 1/11, 3/11, 7/11). The 95% CIs were calculated from the SE of the weighted sum of binomial variables using the normal approximation. In addition, annual case fatality trends were calculated using log-linear regression, assuming a binomial distribution within age groups, and including an allowance for additional deviation from the regression line, as for trends in event rates.
The mortality rate from stroke (M), stroke event rate (C), and case fatality (F) are related by MϭCϫF. With the assumption of constant rates of change, let MЈ indicate the average annual absolute change in MONICA mortality rate and thus MЈ/M show the relative change (and similarly for CЈ and FЈ). Then, by calculus, 21 MЈ/Mϭ(CЈ/C)ϩ(FЈ/F).
The trend in MONICA stroke mortality rate is therefore the sum of the trend in stroke event rates and the trend in case fatality, all expressed as average annual percentage change. In this way, we can distinguish the relative contributions of trends in stroke event rates and case fatality to trends in mortality.
Sensitivity Analysis
The trends for incidence and event rates were similar although somewhat less steep for incidence, indicating that event rates can be used as proxies for incidence rates in assessment of trends. This is especially important in some centers in which the information about previous stroke for fatal events was often missing.
SAH has sometimes been excluded from analyses in stroke studies because it has a different etiology and natural history from the other subtypes of stroke. When we analyzed stroke trends excluding SAH, these results showed no substantial differences compared with the trends based on all subtypes. Excluding "unclassifiable events" also did not affect trends.
When we excluded the first and last years of registration, all trends strengthened, especially in women, by 0.5% to 1% per year, which may suggest poorer coverage in the tails of the registration periods. The results for trends obtained in the main analyses may therefore be somewhat conservative.
In tests of the assumption of linearity, the trends in event rates and stroke mortality were not statistically different, although fluctuations were observed. The 1 exception was stroke mortality among North Karelian men (3.2% versus Ϫ5.2% per year, Pϭ0.03), a result confirmed by routine mortality statistics in that population.
Finally, the correlations between trends calculated after inclusion or exclusion of centers with trend score weights or demographic quality scores below 1.0 were very similar.
Results
During the study period, 22 655 stroke events among men and 14 080 among women were ascertained in the 35-to 64-year age group. Average case fatality over the populations was 28.7% in men and 31.8% in women. The distribution of the stroke cases by population and sex is shown in Table 1 .
Stroke Event Rates, Mortality Rates, and Case Fatality
Pooled information on the first 3 and last 3 years of registration is presented in Table 2 . At the end of the study period, the stroke event rate was highest in Novosibirsk, Russia, and lowest in Friuli, Italy. There were 3.7-and 6.6-fold differences between the highest and lowest rates in men and women, respectively. Stroke event rates in men were nearly twice those in women in many populations.
Among men, the case fatality of stroke ranged from 12% in northern Sweden to 53% in Moscow Control in Russia. Overall, the case fatality was high in all Eastern European countries. In women, the difference in case fatality of stroke between populations was larger than in men, ranging from 16% in Kuopio to 57% in Moscow Intervention. (Table 2) .
At the end of the study period, stroke mortality was highest in Novosibirsk, Russia, followed by the Eastern European populations. The lowest rates were seen in the Swedish, Danish, and Italian populations ( Table 2 ). Mortality from stroke in Novosibirsk was 6.2 times higher in men and 4.6 times higher in women than in Gothenburg, Sweden. Mortality was on average 1.8 times higher in men than in women, ranging from 1.1 times in Northern Sweden up to 2.5 times higher in Moscow Control. Table 3 show the trends, separately for each population, in stroke event rates, case fatality, and mortality of stroke, both in the register and in routine mortality statistics. Stroke event rates declined in 9 of 14 populations in men and 8 of 14 populations in women. The decline was statistically significant in only 2 populations among men (Glostrup, Denmark, and Kuopio, Finland) and 3 populations among women (Kuopio, Finland, and the 2 populations in Moscow, Russia). A statistically significant increase in stroke event trends was observed in Gothenburg, Sweden, among men and in Kaunas, Lithuania, among women.
Trends in Event Rates, Case Fatality, and Mortality of Stroke
In men, the case fatality of stroke declined in 7 populations, increased in 8, and fluctuated only slightly in 2. Among women, a decline in case fatality was seen in 8 populations, no obvious change was seen in 3, and an increase was observed in 3. The trends in case fatality were statistically significant among men in only 2 populations with declining trends (Friuli, Italy, and Warsaw, Poland) and in 2 with increasing trends (the 2 Moscow populations). Among women, there was a significant downward trend in Friuli, Italy; Warsaw, Poland; and Kuopio, Finland; and a significant increase in the intervention population in Moscow. Within each population, the CIs for the case fatality trends were larger than those for the trends in stroke event rates.
Of the 14 populations, stroke mortality declined in 8 populations among men and 10 populations among women. Stroke mortality increased in all the Eastern European populations except in Warsaw, Poland. An increase in stroke mortality was observed also in Gothenburg, Sweden, among men and in Turku/Loimaa, Finland, among women. In Beijing, China, and in the 9 Western European populations, stroke mortality declined.
Contribution of Trends in Event Rates and Case Fatality to Trends in Mortality
The Figure shows the contributions of changes in event rate and case fatality to mortality after the centers had been ranked in terms of trends in mortality from stroke. If stroke mortality was increasing, the increase was almost entirely due to an increase in case fatality. For the countries showing downward trends in mortality, downward trends in stroke event rate also contributed in some populations. The decline in case fatality explained about two thirds of the overall downward trend in stroke mortality in both sexes. The remaining one third of the decline was due to the downward trend in occurrence of stroke.
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Comparison With Routine Mortality Statistics
Comparisons between the trends in stroke mortality obtained from the MONICA stroke registers and those obtained from routinely collected mortality statistics are shown in Table 3 . The trends were similar for both men and women. Nevertheless, there were several populations with diverging trends, suggesting that routine mortality statistics might not be reliable in these countries.
Discussion
The main finding of this study was that across all MONICA populations, the decline in case fatality explained two thirds of the decline in mortality. In populations with increasing mortality, this was explained principally by increasing case fatality; however, as discussed below, there were data quality problems in many of the centers with increasing mortality. 14 The relatively modest contribution of event rate to the overall trend in mortality was confirmed by the correlation analyses. The study also confirmed the big differences in mortality (in this study, up to 6-fold in men) between countries previously reported from routine mortality statistics. 3 Most international comparisons of trends in stroke have relied on routine mortality statistics [1] [2] [3] or on indirect comparisons of stroke register data that were often collected at different times and with different study designs. In addition, most studies cover only relatively small geographic areas and limited periods. In the WHO MONICA Project, however, 
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considerable efforts were made to collect comparable population-based data on stroke over a relatively long period of time.
An important feature of population-based registers of stroke is that they can be used to validate routine data, eg, routine mortality statistics or hospital admission and discharge data. In general, there was good comparability between routine mortality statistics and mortality calculated from the MONICA registers, indicating that routine mortality statistics for stroke in these populations are reasonably reliable.
Apart from Beijing and Novosibirsk, all other populations were located in Europe, making the study more European than worldwide. This was due to practical reasons because the WHO supported the coordination of the MONICA Project and centralized data management and quality control, but funds to collect the data had to be found locally.
Are the MONICA stroke results credible? Accurate assessment of trends requires constant quality of a register over the entire study period. The WHO MONICA Project is the first multinational study on stroke trends to use a uniform protocol, an identical core data collection, and a centralized data monitoring system. Reliability and comparability of the data ensured by quality assessment were strengths of the MONICA Project. Great effort was made to keep the same routine for case finding throughout the study, and the same diagnostic criteria were applied throughout the study period.
Despite all efforts, there are some caveats regarding the present results. Throughout the 10-year MONICA period, stroke diagnosis in the WHO MONICA Project was based on clinical findings (symptoms, signs, and clinical examination) and thus was not dependent on access to more sophisticated diagnostic techniques. This approach made it impossible to follow changes in subtypes of stroke in many populations. The availability of CT scans increased dramatically in most countries during the study period. Increase in the availability and use of CT scans, 14 however, did not relate to trends in event rates (Table 3) .
The MONICA stroke data were subjected to thorough quality assessment for use in trend analyses 17 ; the data quality scores are shown in Table 1 . Overall, the data were judged to have sufficient quality to be used in trend analyses. Also, sensitivity analyses did not show any impact on results when data with lower quality were excluded.
There were big differences in case fatality between the MONICA populations; case fatality was much higher in many Central and Eastern European populations than in the Scandinavian populations. One possible explanation could be a failure to detect (and include) nonhospitalized, nonfatal cases. This would artificially increase case fatality and decrease incidence. For instance, a decrease in event rate associated with an increase in case fatality was seen in the 2 Moscow populations (see the Figure) , possibly because of organizational changes in health care. 14 A high proportion of Trends in stroke event rate, case fatality, and mortality in men and women. *Trends are estimated using the equation log r t ϭaϩbtϩe t (see Materials and Methods) separately for event rates, case fatality, and mortality; therefore, the sum of change in event rates and case fatality is not exactly the change in mortality, as would be using the equation MЈ/Mϭ(CЈ/C)ϩ(FЈ/F) (see Materials and Methods). The centers have been ranked in terms of trends in mortality from stroke.
unclassified fatal cases in Warsaw has probably inflated case fatality and event rates. The center could not validate these out-of-hospital deaths, which were registered from death certificates. On the other hand, previous population-based studies in Central and Eastern European countries 24, 25 have also found high case fatality in acute stroke, with levels similar to those reported in Scandinavia around 1970. 26, 27 Thus, although the differences in case fatality between MONICA populations may reflect methodological problems, they also reflect true differences across the MONICA populations. A change in the natural history of stroke with less severe manifestations in recent years may have occurred in Western Europe and North America 24 but not in Eastern Europe.
We are aware of the shortcomings of our data set in which only ages up to 65 years were covered. Stroke incidence and mortality increase steeply with age 28 -30 ; thus, the MONICA stroke study covers only a minority of strokes. A recent large study assessing international trends in stroke mortality in the 35-to 74-and 75-to 84-year age groups 3 showed similar, although somewhat attenuated, trends in the older compared with the younger age group. Two of the MONICA populations have registered strokes without an upper age limit. In Glostrup, Denmark, the trends in event rates and mortality between subjects 65 to 74 and those Ն75 of age were similar to those of younger age. 31 Additionally, in Turku, Finland, stroke incidence and mortality declined up to the age of 84 years, but the number of strokes registered remained stable because of an increase in the average age of the population. 32 Increasing mortality and case fatality were seen almost exclusively in the Eastern European countries. Dramatic political and economic changes occurred in these countries during the study period. Such changes have had an impact on the availability of data, making it much more difficult to maintain the same quality during the latter years of registration. 14 However, the MONICA observations on stroke (present results) and coronary heart disease 21 are fully compatible with the decline in life expectancy in ex-Soviet bloc countries during the first half of the 1990s, mainly because of increasing mortality rates in cardiovascular diseases. 33 The gap between populations with low and high mortality from stroke tended to increase during the study period. The relative contribution to case fatality of changes in management or severity of the disease cannot be derived from our results, but it is likely that both factors are involved. A decline in 28-day case fatality might indicate improved care for acute stroke, especially in-hospital treatment. Stroke units have been shown to improve significantly both the functional outcome and the case fatality after a stroke, 34 -36 but in most countries, they were established after the MONICA data collection period.
Stroke event rates were Ϸ2-fold higher in men compared with women. This ratio is higher than in several other studies. 4, 37, 38 The explanation is that in the present analyses, only data for the 35-to 64-year age group were used; in older age, the ratio diminishes. 31 In conclusion, our results indicate that changes in case fatality were important for changes in stroke mortality across MONICA populations. This highlights the importance of also obtaining information on nonfatal events when assessing the burden of stroke in a community; mortality does not tell the whole story. The MONICA results emphasize the contribution of prevention and quality of medical care to drive mortality trends. They also raise the possibility that the natural history of stroke is changing, with events becoming less severe in economically advanced countries and more severe in countries experiencing great socioeconomic strain.
